Abstract. The analogies between the effects of ageing characteristics of the pulse, pulse wave velocity and on the heart had been studied decades ago. In 1872, and of uraemia on the function and the structure of central elastic arteries and of the heart are striking. Mahomed [7] analysed the pulse contour in patients with Bright's disease and noted a characteristic late Qualitatively similar changes are seen in pulse contour, pulse wave velocity, and impedance and also similar systolic shoulder [8], an important observation because this feature will by necessity raise cardiac afterload structural abnormalities with wall thickening, diminished elastin, and increased collagen content. The and contribute to left ventricular (LV ) hypertrophy in renal failure. altered 'Windkessel' function of central arteries in age and uraemia is one factor contributing to left ventricuIn a systematic study on the effect of ageing, Bü rger in Leipzig analysed the central vessels and heart [9]. lar hypertrophy.
Introduction
stated that 'the quantity of elastic elements decreases and consequently the elasticity of the aorta decreases in parallel. This alters the 'Windkessel' function, In view of the ageing of the general population, and i.e. the dampening on the pulse wave'. He implied particularly the ageing of the dialysis population [1, 2] , that as one grows older, one's vessels become stiffer. it is of considerable interest to examine to what extent Concerning the impact of ageing on the heart, he noted in the genesis of cardiovascular end-organ damage the that 'with progressive age, the work load of the heart effects of uraemia per se interact with, or are amplified increases. The elastic as well as the peripheral resistby, the effects of ageing. We select one example which ances increase progressively. In parallel, increased lonin the past has been underinvestigated, but recently gitude of central vessels adds to the work load of the has attracted much attention, i.e. the effect of ageing central motor. Thus, hypertrophy is truely the result and of uraemia on the function of, and interaction of increased cardiac work load'. between, the peripheral vasculature and the heart. Derangements of this relationship are a hallmark of ageing [3] , but are also an important aspect of cardio-The effects of ageing and uraemia on pulse contour vascular dysfunction in uraemia [4] . In the following, and pulse wave velocity we point out some similarities between the ageing process and uraemia. Based on studies of others and
The methodology to analyse pulse contour and pulse our own investigations [5] , we try to provide arguments velocity in humans in vivo has been described in detail for the hypothesis [4, 6 ] that the effects of uraemia on by O'Rourke [3] . Pulse analysis evaluates pulse amplithe vasculature and the heart can be envisaged partially tude as a function of time, i.e. analysis in the time as the result of accelerated ageing, amplified by the domain. Ageing is accompanied by characteristic adverse effects of hypertension.
changes of the amplitude and the contour of the pressure wave. Figure 1 paradigmatically illustrates the transitions in amplitude and contour of the pressure
Historical notes
wave between the aortic arch and iliac artery of a young as opposed to an elderly human subject [3] . It Although investigation of this issue with modern tech-is obvious that the blood pressure amplitude, i.e. pulse nology has only begun in recent years, it is worth pressure, rises progressively between the ascending pointing out that the effects of uraemia and ageing on aorta and the femoral artery. The peak systolic blood amplitude and flow amplitude) and phase (i.e. delay load with age. In young individuals, systolic blood between pressure and flow as a function of frequency) pressure in the brachial artery, as assessed by sphygmocan be calculated. In the elderly, the ascending aortic manometric measurement after Korotkow, is higher flow harmonics are unchanged, while the modulus of than the pressure in the ascending aorta. As age aortic impedance is increased. This has important advances, the difference progressively dissipates. It is consequences. While under normal circumstances, obvious that the age-dependent increase in pressure in effective coupling exists between the LV and the systhe ascending aorta (and, in parallel, of the left ventritemic circulation, such coupling is progressively lost in cular work load ) is greater than the increase in brachial the elderly. In the younger individual, the relationship artery pressure. In other words, the increase in the between vascular impedance in the ascending aorta blood pressure load to the heart in the elderly is and the frequency content of the LV ejection is such underestimated based on blood pressure measurements that maximal pulsatile flow from the heart generates in the brachial artery. In view of the similarities in the minimal pressure fluctuation. As a consequence, minbiomechanical properties of the central arteries, it is imal energy is lost in pressure and flow pulsations. The sound to assume that in patients with renal failure the increase is also underestimated. Increasing pulse wave velocity in the elderly has been known for decades [9] of central arteries. This is accompanied by accumulation of glycosaminoglycans and collagen fibres. As a unfavourable relationship in the elderly, i.e. unchanged consequence, arteries dilate, lengthen and stiffen. flow into a stiffer tube, causes higher energy loss, Because of microfractures of individual elastic fibres, increased pulsatile cardiac work and predisposition to stress is transferred to the less extensible collagen LV hypertrophy [3] . It is again of note that recent fibres. Since according to Laplace's law, wall tension studies documented uncoupling between the LV and in the dilated artery increases, it must be counterthe systemic circulation in renal failure, in striking balanced by less structural elements. Consequently, analogy to the changes seen in ageing [16 ] .
pulsatile stress per unit thickness of fibre increases with age. Against this background, we were interested in the changes that occur in renal failure. In the model of the
Structural abnormalities of the central arteries in
subtotally nephrectomized male Sprague-Dawley rat, uraemia studied after uraemia of 8 weeks duration, the structural features in the aorta were quantitated by micromorphometric methods [5] . As indicated in Table 2 , Early work of Bü rger [9] documented a decrease in vascular smooth muscle hyperplasia was documented elastin and an increase in collagen content in human by increased cell number. Uraemia caused a marked central arteries. This finding has been confirmed using modern technologies [18] . It appears that the effect of decrease in elastic fibre content and a substantial increase in matrix (and collagen fibre) content of the Finally, we recently found increased mRNA for renin in the cardiac interstitium [22] and in adventitial aortic wall. The reduction in the volume fraction of elastin does not reflect adequately the potential tissue of the aorta and conversely, striking prevention of morphological changes in the aortic wall by adminisderangement in aortic wall properties, since at the ultrastructural level instead of the regular bedding of tration of angiotensin-converting enzyme (ACE) inhibitors [23] . This is illustrated in Figure 5 . Furthermore, elastic fibres, a higgeldy piggeldy arrangement was noted (Figures 3 and 4) . It has been proposed that similar prevention was noted with a specific and non-specific endothelin receptor ( ET A ) antagonist altered vessel wall properties are related to increased vessel wall calcium content.
( Figure 6 ). These observations argue for a role of the renin-angiotensin system (RAS ) and endothelin sysIn the above study, we did not see evidence of medial calcification, as previously described by Ibels in tems respectively. The latter finding is in good agreement with recent observations that a relationship exists humans [20] , but it is possible that the duration of experimental uraemia was too short. It is of interest, between biomechanical vascular characteristics and ET-1 levels [24]. however, that in muscular and elastic arteries of the subtotally nephrectomized rat, alterations were markedly less in parathyroidectomized uraemic animals, Apart from the physical factor of fatigue as a result of cyclic stretch, our unpublished studies suggest that The pulse characteristics are markedly altered in a (hypothetical ) uraemic subject compared with a in the aortic wall advanced glycation end-products (AGEs) are present in high concentrations. They cross-normal individual. In the uraemic individual, peak systolic blood pressure is higher, increasing LV link proteins, possibly also the lysine groups of elastin, thus causing vascular stiffening.
Repercussions of abnormal biomechanics of central
afterload, augmenting LV wall stress and stroke work index and thus contributing to concentric LV hyperIt is of interest that according to recent experimental work, oxygen radicals play a definite regulatory role trophy. At the same time, the decrease in diastolic aortic pressure is accelerated in the non-compliant stiff in vascular remodelling. However, pathologically high concentrations, they may cause vascular damage.
aorta of the uraemic patient. Since coronary perfusion occurs only during diastole, this will compromise cor- [1244] [1245] [1246] [1247] onary blood flow in the heart itself, the oxygen demand for instance ACE inhibitors and calcium channel block-
